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Background: in 1997 the vascular surgeons across the North of England commenced a study to examine various aspects
of the management of lower limb occlusive arterial disease (LLOAD). Two aspects of this work were to assess workloads
between hospitals and develop guideline parameters for managing intermittent claudication (IC) and critical limb ischaemia
(CLI). The guidelines were to be developed, tested and modified by this study.
Method: prospective inclusion of all patients admitted for investigation of LLOAD to nine hospitals by 19 surgeons over
a period of 12 months.
Results: the hospitals admitted an average of 106 legs per 100 000 population (range 53–149) with LLOAD. Legs with
IC (n=1351) were revascularised slightly less frequently than predicted (actual 76%, guideline 80%) and radiological
treatment was used more frequently than predicted (radiology/surgery, actual 69/32%, guideline 40/60%). For limbs
with CLI, revascularisation was undertaken more often (actual 70%, guideline 60%) and radiological intervention used
more frequently (radiology/surgery, actual 45/58%, guideline 35/65%) than anticipated. Primary amputation, overall
mortality and limb salvage were better than the predicted guidelines.
Conclusion: large variations in workloads and clinical practice were observed between hospitals for the management of
LLOAD. Developing guidelines for the management of limbs with IC was not considered appropriate, whereas suitable
guidelines for legs with CLI were developed, tested and modified.
Key Words: Peripheral vascular disease; Intermittent claudication; Critical limb ischaemia; Workload; Management
guidelines.
Introduction In 1997 the vascular surgeons across the North of
England set up a study to examine the management
of LLOAD. Two aspects of this project were to assessPatients with lower limb occlusive arterial disease
workloads between hospitals and, since there are in-(LLOAD), that is intermittent claudication (IC) and
creasing requirements for clinicians to demonstratecritical limb ischaemia (CLI), will account for at least
that they are treating patients to an acceptable stand-half the workload of most vascular surgeons. In-
ard, to develop guidelines for the management andtermittent claudication is a disabling condition that
outcome of limbs with this condition. For IC thereinfrequently progresses to threaten limb viability and
were no suitable publications from which guidelineswhich in many individuals does not have to be treated.
could be developed; thus, for these legs the parametersPatients with claudication do not have to be seen with
were set from assumptions concerning practice. Forany degree of urgency and decisions concerning which
CLI guidelines were based on recent publications fromlegs are treated and what treatment is offered can vary
the Vascular Surgical Society of Great Britain andbetween surgeons.1 Critical limb ischaemia, on the
Ireland (VSS),2 in which 57 surgeons had suppliedother hand, does threaten limb viability and without
data on all legs with CLI seen during a 3-month period,some form of intervention can lead to limb loss. There-
and one of the authors.3fore patients with this condition should either be seen
urgently as outpatients or admitted as emergencies.
Methods
All patients with LLOAD admitted for investigation∗ Please address all correspondence to: J. Holdsworth, Consultant
Vascular Surgeon, Cumberland Infirmary, Carlisle, CA2 7HY. and treatment during the 12 months April 1997 to
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March 1998 were studied prospectively. The two Re- of all patients under consideration were identified in
all hospitals and in most centres this figure approachedsearch Associates (FMH, FP) identified patients from
discharge summaries produced by the consultant sur- 95–100%.
geons and hospital records. Forms were completed for
each symptomatic leg and data then entered on a
computer database. Since previous definitions of CLI4,5
Workload (Table 2)have been shown to have poor correlation with
outcome,6–8 CLI was defined in this study as any leg
Nineteen surgeons from nine hospitals providing vas-that, in the opinion of the surgeon, was likely to be
cular services for 2.33 million people participated inlost without intervention; that was, patients with rest
this study. The average population served by eachpain with or without gangrene or tissue loss2 and
hospital was 259 000 (range 150 000–723 000) and byincluding limbs with acute and chronic critical isch-
each surgeon 123 000 (range 75 000–250 000). A totalaemia. The percentage of legs seen in a clinic within
of 1981 patients with 2471 symptomatic legs were1 week of referral was calculated from the number
admitted for investigation, representing an average ofseen in clinics and not from the total number of legs
85/100 000 patients (range 40–122) and 106/100 000with CLI. Management was divided into re-
legs (range 53–149). Legs with IC accounted for 55%vascularisation, primary major amputation (loss of the
and CLI 45% of admissions. IC was investigated at afoot) and not revascularised (excluding amputations).
rate of 58 legs per 100 000 (range 21–87) and CLI 48Revascularisation was divided into radiological (per-
per 100 000 (range 17–67) population. The ratio of legscutaneous transluminal angioplasty and thrombolysis)
with IC to CLI averaged 1.21:1 (range 0.39:1–2.09:1).and surgical (bypass graft, thromboendarterectomy
and embolectomy). Calculations of legs treated sep-
arately by radiology and surgery included those
treated by both modalities, and therefore in the tables
Outcome for legs with intermittent claudication (Table 3)combinations of radiological with surgical treatment
equal more than 100 percent of the limbs re-
Pre-treatment assessment – IC: Angiogram or duplexvascularised. Outcome was based on events occurring
U/S (guideline 100%)in hospital, deaths, secondary amputation, limb sal-
Ninety-nine percent of legs had one or both in-vage (for CLI only), thrombosis of revascularisation, re-
vestigations. Only seven legs did not have an in-operation for bleeding and graft infection. Secondary
vestigation. These included two patients who wereamputations were those that followed a failed radio-
too ill to proceed, three legs that had had an earlierlogical or surgical revascularisation. Limb salvage nor-
angiogram, one leg treated by embolectomy and onemally includes patients who died without losing a leg,
incomplete entry on the database.but it was considered that the final determinant of
success should also include discharge from hospital.
To be revascularised – IC (guideline 80%)Limb salvage was therefore calculated to include and
A decision was taken to revascularise 76% of legsexclude those persons who died. The original man-
(range 41–100%). At the end of the study period 19agement guidelines are shown in Table 1. Results were
legs were still awaiting treatment, thus 74% of legsanalysed using descriptive statistics (numbers and
were treated. Two surgeons were able to treat all legspercentages) and 95% confidence intervals were cal-
submitted to investigation and one surgeon only 41%,culated for the revised guidelines. Since this was con-
whereas the remainder treated more than 65%.sidered an exploratory study to see if guidelines could
be developed and to encourage surgeons to cooperate
Treated by PTA or surgery – IC (guideline radiology vswith data collection, a decision was taken not to use
surgery=40% vs 60%)inferential statistics.
Angioplasty was used to treat 69% and surgery 32%
of legs (ranges, radiology 33–92%, surgery 10–67%).
Eight legs were treated by a combination of radiology
and surgery and 12 legs by surgery combined withResults
operative angioplasty.
Completeness of data collection
Outcome – IC
From the 1003 legs treated one person died and oneBy continued checking with individual surgeons and
hospital records, it was considered that at least 90% leg was lost, giving a mortality and rate of secondary
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Table 1. Initial guidelines for the management of intermittent claudication and critical limb
ischaemia.
IC CLI
A: Referral
Seen within 1 week in a clinic N/A 80%
Admitted for investigation and treatment within 2 weeks N/A 80%
B: Pre-treatment assessment
Angiogram or duplex ultrasound 100% 100%
C: Management
Rate of revascularisation 80% 60%
Revascularisation by radiology 40% 35%
Revascularisation by surgery 60% 65%
Rate of primary amputation N/A 20%
D: Hospital outcome
Overall hospital mortality 3% 15%
Mortality for radiology <1% 3%
Motality for surgery 3% 8%
Mortality for primary amputation N/A 16%
Rate of secondary amputation <1% 9%
Overall rate of limb salvage N/A 68%
Limb salvage for revascularisation N/A 85%
Rate of thrombosis of revascularisation 5% 25%
Rate of re-operation for bleeding 4% 4%
Rate of graft infection 4% 4%
Note: IC=intermittent claudication, CLI=critical limb ischaemia, N/A=not applicable.
Table 2. Population served by and workload from lower limb occlusive arterial diseases for the participating hospitals.
Hospital Totals A B C D E F G H I
Population (100 000) 23.32 1.80 2.25 7.23 1.50 2.50 2.02 1.58 2.94 1.50
Surgeons 19 2 3 5 1 1 2 1 2 2
Population/surgeon (100 000) 0.90 0.75 1.45 1.50 2.50 1.01 1.58 1.47 0.75
Lower limb occlusive disease
Patients n 1981 220 117 805 90 100 173 113 200 163
1/100 000 85 122 52 111 60 40 86 72 68 109
Legs n 2471 269 151 973 110 133 229 134 263 209
1/100 000 106 149 67 135 73 53 113 85 89 139
Intermittent claudication (IC) n 1351 157 76 486 31 90 139 77 165 130
1/100 00 58 87 34 67 21 36 69 49 56 87
Critical limb ischaemia (CLI) n 1120 112 75 487 79 43 90 57 98 79
1/100 000 48 62 33 67 53 17 45 36 33 53
IC/CLI 1.21 1.40 1.01 1.00 0.39 2.09 1.54 1.35 1.68 1.65
amputation of less than 1% (guidelines, mortality 3%, Admitted within 2 weeks of referral – CLI (guideline
80%)secondary amputation <1%). Thrombosis of re-
vascularisation was 5% (guideline 5%) and re-oper- Fifty-three per cent of legs were admitted within 2
weeks (range 34–75%). Further analysis showed thatation for bleeding 1% (guideline 4%). There were no
graft infections (guideline 4%). 62% were admitted with 3 weeks and 89% within 4
weeks.
Outcome for legs with critical limb ischaemia (Table 4)
Pre-treatment assessment – CLI: Angiogram or duplex
U/S (guideline 95%)Seen at clinic within 1 week of referral – CLI (guideline
80%) The group managed to undertake one or both in-
vestigations in 87% of legs (range 73–96%). Angio-Twenty-eight percent of legs were seen within 1 week
of referral (range 10–56%). Further analysis showed graphy was used on 83% and duplex U/S on 26% of
legs. Four percent had duplex U/S alone. Of the 145that 45% were seen within 2 weeks, 67% within 3
weeks and 89% within 4 weeks. legs not investigated 46 had a revascularisation
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Table 3. Outcome for legs with intermittent claudication. Mean and range of 19 surgeons.
Guideline Number legs Mean Range
Number legs 1351 71 6–194
Pre-treatment assessment
Angiogram or Duplex 100% 1343 99% 96–100%
Management
To be revascularised 80% 1022 76% 41–100%
(Revascularisation done) 1003 74% 44–100%
By radiology 40% 695 69% 33–92%
By surgery 60% 316 32% 10–67%
(Surgery+radiology) 8 1% 0–2%
(Surgery+op angioplasty) 12 1% 0–7%
Hospital outcome
Overall mortality 3% 1 <1% 0–1%
(Mortality radiology) 1 <1% 0–2%
(Mortality surgery) 0 0% 0%
Rate secondary amputation <1% 1 <1% 0–1%
Rate thrombosis revascularisation 5% 46 5% 0–17%
(Patency on discharge) 888 95% 83–100%
(Patency not known) 69 7% 0–18%
Reoperation for bleeding <4% 13 1% 0–7%
Graft infection (n=260) <4% 0 0% 0%
Table 4. Outcome for legs with critical limb ischaemia. Mean and range of 19 surgeons.
Guideline Number legs Mean Range
Number legs 1120 59 22–116
Referral
Seen in clinic 573 51% 28–70%
Admitted directly 528 49% 30–32%
Seen within 1 week of referral 158 28% 10–56%
Admitted within 2 weeks of referral 80% 591 53% 34–75%
Pre-treatment assessment
Angiogram or Duplex 95% 975 87% 73–96%
Management
To be revascularised 60% 780 70% 50–81%
(Revascularisation done) 780 70% 50–81%
By radiology 35% 351 45% 16–65%
By surgery 65% 454 58% 38–87%
(Surgery+radiology) 25 3% 0–14%
(Surgery+operative angioplasty) 23 3% 0–18%
Rate or primary amputation 20% 90 8% 0–16%
Hospital outcome
Overall mortality 15% 105 9% 2–20%
Mortality radiology 3% 15 4% 0–14%
Mortality surgery (revascularisations) 8% 52 11% 0–34%
Mortality primary amputation 16% 15 17% 0–50%
Rate secondary amputation 9% 59 8% 0–18%
(Mortality secondary amputation) 11 19% 0–100%
(Overall mortality amputation) 26 17% 0–33%
Overall rate of limb salvage 68%
Including deaths 971 87% 79–100%
Excluding deaths 892 80% 67–96%
Limb salvage for revascularisation 85%
Including deaths 722 93% 82–100%
Excluding deaths 666 85% 75–100%
Rate thrombosis revascularisation 25% 87 13% 3–30%
(Patent on discharge) 600 87% 70–97%
(Patency not known) 93 12% 0–28%
Reoperation for bleeding <4% 9 1% 0–9%
Graft infection (n=321) <4% 5 2% 0–11%
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(29 embolectomies, 11 grafts, four thromboendar- Discussion
terectomies, one not known), 33 primary amputation
and 66 were not treated. The contents of this report represent one of the largest
surveys undertaken of LLOAD. There have previously
been studies of CLI2 and IC,1,9 but none combiningTo be revascularised – CLI (guideline 60%)
both groups of patients with lower limb disease onThe group revascularised 70% of legs (range 50–81%).
this scale. This survey therefore provides importantAll legs were treated by the end of the study period.
insight into workloads and how patients are being
managed for LLOAD in the United Kingdom.
Treated by radiology or surgery – CLI (guideline
radiology vs surgery=35% vs 65%)
Radiology was used to treat 45% (range 16–65%) and
Workloadssurgery 58% of legs (range 38–87%).
An accurate comparative figure for the frequency with
Primary amputation – CLI (guideline 20%) which patients with LLOAD were likely to be admitted
The group amputated without attempted re- for investigation was not available. Recent publications
vascularisation 8% of legs (range 0–16%). have indicated that between 30 and 100 legs with CLI
are admitted per 100 000 population.2,4,10,11 The local
Mortality – CLI (guidelines, overall 15%, radiology 3%, rate of admission of 48 legs per 100 000 population
surgical revascularisation 8%, primary amputation 16%) was therefore consistent with previous reports and
Overall mortality was 9% (range 2–20%). The com- close to the 40/100 000 reported in 1995 by the VSS.2
bined mortality of radiology and surgical re- A similar figure for IC was not obtainable. The most
construction was 9%, from radiology alone 4% (range striking feature of the differences in workload were
0–14%) and from surgery alone 11% (range 0-34%). Of the four-fold population-based variations in numbers
the primary amputations 17% (range 0–50%) and of of legs with IC and CLI being admitted between
secondary amputations 19% died (range 0–100%). The hospitals. When considering IC this variation in prac-
combined mortality for primary and secondary am- tice has been noted previously1 and probably reflects
putation was 17% (range 0–33%). differences in attitudes towards and availability of
time for treating legs with this condition. Of more
concern were the differences in numbers of legs withSecondary amputation – CLI (guideline 9%)
CLI. The districts served by these hospitals shouldAmputation following a failed reconstruction was 8%
probably have similar numbers of patients presenting(range 0–18%)
with critical ischaemia, a condition that threatens both
the limb and life of the patient. Thus in some areas
Limb salvage – CLI (guideline, overall 68%, patients may not have been receiving appropriate
revascularisation 85%) treatment and may have been left to die in the com-
Overall limb salvage for all legs (revascularisation, munity. Alternatively, patients from some districts may
primary amputation and those not treated) was 87% have been sent to hospitals in surrounding districts
including deaths (range 79–100%) and 80 percent ex- leading to artificially high rates of admission in some
cluding deaths (range 67–96%). Limb salvage for re- centres, which could explain some of the differences
vascularisation was 93% including deaths (range observed between hospitals.
82–100%) and 85% excluding deaths (range 75–100%).
Thrombosis revascularisation – CLI (guideline 25%) Guidelines for legs with intermittent claudication
Thrombosis occurred after 13% of procedures (range
3–30%). Patency was not known following 12% (range Wide variations were observed between surgeons with
0–28%) regard to the percentage of claudicants revascularised
and the proportion treated by radiology and surgery.
The variation in rates of intervention almost certainlyRe-operation for bleeding (guideline 4%) and graft
infection (guideline 4%) – CLI reflect differences in approach by surgeons to treating
this condition,1 particularly if some clinicians wereRe-operation for bleeding occurred following one per-
cent of procedures (range 0–9%) and 2% of bypass investigating claudicants to see if radiological inter-
vention was possible, but would not have proceededgrafts were complicated by infection (range 0–11%).
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to surgery if this was the only option available. The Management legs with CLI
variation between surgeons in the choice of radiology
or surgery may, to some extent, reflect differences in When considering the management of CLI our group
revascularised 70% of legs improving on the 63%approach to treatment, but may also reflect differences
in the availability of radiological services and the reconstructed nationally in 1995.2 The VSS2 reported
34% of legs treated by radiology, 68% by grafting andwillingness of radiologists to treat legs.
For many patients IC is a stable condition with less 13% by other types of revasacularisation (em-
bolectomy, thromboendarterectomy and pro-than 50% likely to deteriorate and less than 5% ever
needing a major amputation.9,12,13 There is thus no fundoplasty) with some overlap between these three
groups. The original guideline was set from theseimmediate need to treat most of these legs. Treatment
can benefit patients14–19 but is not without risk since figures; however, radiology was used more frequently
and surgery less frequently than had been predicted.procedures can fail and lead to limb loss. Exercise
training alone may be more effective than angioplasty, Wide variations in practice were observed between
surgeons in the use of radiological intervention. To20 although the role of exercise has been questioned.15
The treatment of IC continues to be contentious21 and, some extent this may have been determined by the
availability of radiological facilities. Further in-at the present time, there is no consensus amongst
surgeons on when to treat these legs. Until consensus formation is needed concerning what underlies the
decision to resort to either radiological or surgicalis achieved, the development of guidelines against
which ‘‘best practice’’ could be judged was in- revascularisation in these patients. The guidelines for
radiological and surgical intervention can now beappropriate, and thus the further development of
guidelines for IC should be discontinued for the time modified, but without extra information concerning
the local facilities, and also considering the outcomebeing.
of these two treatment modalities, some caution is
required over the interpretation of guidelines for these
interventions.
The group achieved a rate of primary amputation
Referral and investigation legs with CLI that, at 8%, was under half that predicted. At 20% the
guideline had been set higher than that reported (16%)
No surgeon achieved either of the two guidelines by the VSS.2 Our rate of amputation was still much
concerning referral. On the basis that patients with better and may reflect differences between our study
critically ischaemic legs should be conidered as having and the national survey undertaken by the VSS. For
a condition requiring urgent assessment, these two the latter, surgeons were required to report their own
parameters were set to indicate that patients should results and the number of legs in the national study
be seen quickly. The time taken to see a patient was was 679 compared with the 1120 reported here. Our
calculated from the date on the letter of referral from results may also reflect genuine improvements in man-
the general practitioner (GP). In many instances it was agement that have occurred since the national survey.
likely that a week elapsed before a letter dictated by
a GP was seen by a surgeon. To have set a guideline
stating that most legs should be seen within 1 week Outcome legs with CLI
of referral was therefore unrealistic, and the data
presented here demonstrates the inadequacies of the The overall mortality of our patients was 9% and
therefore better than the 14% previously observedpresent system of referral. Attempts will have to be
made to improve on this in the future by encouraging nationally.2 However our mortality of 9% for re-
vascularisation was marginally worse than the 7%GPs to make direct contact with surgeons or arranging
more emergency admissions. reported by the VSS.2 Radiology had less than half the
mortality of surgical reconstruction. Of some concernThe guideline of 95% of legs with CLI investigated
by angiography or duplex U/S was chosen by using was the high rate of death after surgery in some
instances. A fifth of the patients treated by one surgeonthe 80% of legs reported to have angiography by the
VSS2 and adding an estimate of the number of legs died and just over a third of those treated by another
individual. The group mortality for primary am-likely to have duplex U/S. The percentage of legs
having an angiogram in our study was comparable putation was close to that anticipated by the guideline,
but large differences in mortality were observed be-with that of the VSS, but the anticipated use of U/S
was overestimated. At the present time this guideline tween individual surgeons. The numbers of re-
constructions and amputations undertaken byfor CLI should be revised for angiography only.
Eur J Vasc Endovasc Surg Vol 20, September 2000
F. M. Huntington et al.266
Table 5. Revised guidelines for the management of critical limb ischaemia with 95% confidence intervals (CI).
Original Revised (CI)
A: Referral
1. Seen at clinic 80% No change
2. Admitted for assessment 80% No change
B: Pre-treatment assessment
3. Angiogram (no longer include duplex U/S) 95% 88% (85–89%)
C: Management
4. To be revascularised 60% 70% (67–72%)
5. Revascularisation by radiology 35% 45% (42–49%)
6. Revascularised by surgery 65% 58% (55–62%)
7. Primary amputation 20% 8% (6–10%)
D: Hospital outcome
8. Overall mortality 15% 9% (8–11%)
9. Mortality radiology 3% 4% (2–6%)
10. Mortality surgery 8% 11% (9–14%)
11. Mortality primary amputation 16% 17% (9–24%)
12. Secondary amputation 9% 8% (6–9%)
13. Overall limb salvage 68%
Including deaths 87% (85–89%)
Excluding deaths 80% (77–82%)
14. Limb salvage revascularisation 85%
Including deaths 93% (91–94%)
Excluding deaths 85% (83–88%)
15. Thrombosis revascularisation 25% 13% (10–15%)
16. Re-operation for bleeding 4% 1% (0.4–2%)
17. Graft infection 4% 2% (0.2–3%)
individuals were, however, small and could have been Revised guidelines for legs with CLI
influenced by a run of poor outcomes that may not
be repeated in subsequent years. Such figures need to Treatment of CLI is more clearly defined than that of
IC and on this basis guidelines are more appropriatebe monitored over a longer period of time before
commenting further. and can be developed. A revised set of guidelines,
based on the outcome of this study, is presented inExclusion of patients who died from the calculation
of limb salvage for legs with CLI resulted in poorer Table 5. Implementation of guidelines without con-
sideration to casemix and allowing some latitude foroutcomes for overall limb salvage and for preservation
of limbs after revascularisation. However, these out- normal variations in management and outcome would
lead to clinicians finding that their performance wascomes were still better than anticipated in the original
guidelines, particularly for overall limb salvage. The frequently outside the defined limits. To reduce this
difficulty a guideline should include confidene in-rate of thrombosis following revascularisation was
also considerably better than that anticipated. Na- tervals. These are also included.
tionally 25% of procedures failed before discharge from
hospital,2 whereas we observed a rate of thrombosis of
13%. Some caution is, however, required in in-
terpreting this rate of failure, since patency was not General comments concerning guidelines
known in 12% of legs. Future guidelines should also
include objective measures of outcome such as ankle Clinical guidelines may be regarded as an assessment
of current practice, within a defined area, which issystolic blood pressure or ultrasound scanning for
reporting patencies. Both the rate of re-operation for then declared as the preferred standard of man-
agement. They are then a tool against which cliniciansbleeding and numbers of graft infections were better
than had been anticipated. As might be expected, since can judge their own practice and clinical effectiveness
can be monitored. Furthermore, there are increasingthe procedures to treat both conditions are the same,
the rate of re-intervention for bleeding was noted to requirements for clinicians to be able to demonstrate
that they are treating patients to an acceptable standardbe very similar to that following treatment for IC.
However, graft infections would be expected to occur which in surgical practice includes the ability of in-
dividuals to operate and routinely achieve acceptablemore frequently following operations for CLI in which
there is often associated infection of the limb. outcomes. What, however, are acceptable practices and
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outcomes? To set guidelines from a search of the Dryburn Hospital, Durham. Mr. C. Wood, Hartlepool
General Hospital. Mr. L. Rosenberg, North Tees Gen-medical literature will not reflect general clinical prac-
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defined interest in a particular condition or operation
and this is likely to lead to a favourable distortion of
outcomes. Guidelines should therefore be developed Acknowledgements
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The Purchaser Clinical Audit Group for funding this project.of patients treated by clinicians in a number of centres.
The results reported here fulfill this requirement.
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